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. G. Hastines, Bacteriologist, Wisconsin Agricultural Experiment Station, and 
I. B. Hart, Chenrist, Wisconsin Agricultural Experiment Station 


In a previous publication (Hastings, Evans, and Hart, 1912)? a sum- 
mary of the knowledge concerning the bacteriology of Cheddar cheese 
was presented together with the results that were obtained by the authors 
in an effort to extend the knowledge concerning the flora of this type of 
cheese. It was shown, as had previously been demonstrated by numerous 
investigators, that Bacterium lactis acidi is an important factor in the 
making and ripening of Cheddar cheese. The lactic acid formed aids in 
the curdling of the milk by the rennet, and the acid formed in the curd 
assists in the expulsion of whey therefrom. ‘The combination of the acid 
with the paracasecin so changes the nature of the curd that the pieces 
readily coalesce or “‘mat.”” The lactic acid also activates the pepsin 
of the rennet extract, enabling it to act on the paracasein, with the 
formation of soluble products. The acid reaction of the cheese is main- 
tained during the ripening period and thereafter, thus inhibiting the 
development of putrefactive bacteria which otherwise would soon destroy 
the commercial value of the cheese. 

It was further shown that lactic bacilli ® occur in all Cheddar cheese in 
numbers approximating those of the ordinary lactic bacteria, B. lactis 
acidi, and that coccus forms are also of constant occurrence. 

At the beginning of the ripening period the ratio between Bacterium 
lactis acidi and lactic bacilli can, in a general way, be expressed as 99 to 1. 
This ratio gradually changes as the ripening progresses until in cheese 3 
to 6 months old the ratio is reversed. It is apparent that the larger part 
of the growth of the B. casei group must take place after the fermentation 


1 Work of Department of Agriculture in cooperation with Wisconsin Agricultural Experiment Station. 

2 Bibliographic citations in parentheses refer to ‘Literature cited,"”’ pp. 191-1902. 

? This group of lactic-acid-forming organisms appears in the literature under various names, the most 
common being “‘lactic bacilli,’ ‘Bacterium bulgaricum" or “Bacillus bulgaricus,’ 
The name “Bactertum cases’ will be used in this article, 
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of the sugar in the cheese by B. Jactis acidi. Their continued persistence 
in large numbers must be due to continued growth for a considerable 
period or else to their greater resistance to the environment. But little 
definite information was presented in the bulletin mentioned concerning 
the occurrence of coccus forms, because of the confusion then existing in 
the differentiation of some varieties of this group from the B. lactis acidi 
group. 

It was recognized that we were not dealing with specific organisms but 
rather with great groups. In making cheese of the Cheddar type from 
pasteurized milk it was found that the typical flavor did not develop. 
The milk, after pasteurization, always contained organisms of the Bacteri- 
wm lacits acidi group, of the B. caset group, and coccus forms, and there was 
added to the milk a starter containing an organism of the B. lactis acidt 
group. In order to obtain a more complete knowledge concerning the 
biological factors present in Cheddar cheese and their réle in the develop- 
ment of flavor and possibly to determine the cause of lack of flavor in 
cheese from pasteurized milk, a more detailed study has been made of 
cheese both from raw and from heated milk, with the results as presented 
in this paper. 

In continuation of the above-mentioned work, bacteriological analyses 
of many more cheeses have been made in order to determine more fully 
the distribution of the groups in ripening cheese; and a detailed study of the 
pure cultures obtained has been carried out along new lines with the view 
of correlating the presence of certain types with desirable or undesirable 


flavor production. 
METHODS OF EXAMINATION 


In the previous work the pure cultures were obtained by isolation from 
lactose-agar plate cultures and from dilution cultures made in small 
flasks of sterile milk. These milk cultures were inoculated from a dilu- 
tion of a cheese emulsion, the dilution increasing from flask to flask by a 
ratio of 10. The above methods have been modified in the present study. 
The dilution cultures were made in milk to which was added 1 gram of 
peptone, 1 gram of dextrose, and 200 c. c. of water per liter. This was 
found to be more favorable than plain milk for the development of some 
of the cheese organisms. An effort was made to obtain two pure cultures 
for study from each series of dilution cultures; viz, the predominating 
organism of the combined Bacterium lactis acidi and coccus groups and the 
predominating organism of the B. casei group. The former was obtained 
by plating the culture from the highest dilution of the cheese which 
shows a growth after two days’ incubation; the latter was obtained 
after three weeks’ incubation. The flask cultures were then titrated 
to determine the highest dilution which contained B. casei. All milk 
cultures which titrated more than 1.15 per cent of acidity were further 
examined for the B. casei group. The long incubation usually killed 
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the other groups of cheese organisms, so that a subinoculation into tubes 
of litmus milk containing dextrose and peptone resulted in the growth 
of the lactic bacilli alone. The culture was then purified by plating. 

The plate cultures of the cheese dilutions were made in casein agar 
(Ayers, 1911), to which xr per cent of dextrose was added; they were 
incubated at 37° C. for two days and then kept at room temperature for 
four days. In order to obtain the percentage of the various cheese 
organisms which develop upon the casein-dextrose-agar plates, a portion 
containing 10 colonies was circumscribed, and the inclosed colonies were 
fished off into litmus milk. When growth appeared in the milk cultures 
a microscopic examination was made. ‘Those cultures from a single 
plate which caused the same changes in litmus milk and were of the 
same morphology were considered of the same variety. Representatives 
of every variety were studied in detail and referred to their respective 
places, according to the classification given below. 

This method of studying only ro colonies from the plate cultures at 
one analysis and then reducing this number for more detailed study to a 
single representative of those cultures which are similar in their mor- 
phology and their action on litmus milk was intended to give a broad view 
of the flora of chéese rather than a detailed one. A more intensive study 
of the cheeses selected for analysis would necessarily reduce the number 
which could be examined. Inasmuch as the flora of normal Cheddar 
cheese will differ greatly in a detailed study, the methods used, which 
allow the examination of a large number of cheeses and give a rough 
picture of the cheese flora, were considered the best adapted to increase 
our knowledge in its present stage. 


FERMENTATION TESTS FOR THE CLASSIFICATION OF CHEESE 
ORGANISMS 


The cultural characteristics, morphology, and the few biochemical 
reactions which are ordinarily considered in classification of bacteria 
were found to be inadequate traits for distinguishing one variety of 
cheese organism from another of the same group. Therefore the system 
of classification based upon the fermentation of various test substances 
which has been used by Gordon (1905) and other English investigators 
and by Winslow (1912) and his colleagues for the classification of the 
Coccaceee and which was also used by Rogers and Davis (1912) for classi- 
fying the lactic-acid bacteria of the Bacteriwm lactis acidi type was 
adopted, with modifications suited to the problem in hand, for the clas- 
sification of cheese organisms. 

A sugar-free broth was made of 10 grams of compressed yeast, 10 
grams of peptone, and 5 grams of dibasic potassium acid phosphate per 
liter of water. ‘To this mixture was added 1 per cent of the test substance. 
At first inoculations were made into dextrose, lactose, galactose, sucrose, 
salicin, mannit, glycerin, inulin, starch, and raffinose broths with all the 
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groups of cheese organisms. After many cultures had been submitted 
to these tests it was found that some of the substances had no differential 
value. All of the cultures produced acidity from some of the substances, 
while none of the cultures, or exceedingly few, produced acidity from 
other substances. Moreover, not all of the test substances which proved 
of value in differentiating into varieties the members of the coccus and 
Bacterium lactis acidi groups were equally valuable in the study of the 
B. casei group. 

After a preliminary study of 250 cultures of the cheese organisms on 
the 10 test substances with quantitative determinations of the amount 
of acid produced in the dextrose broth, some of the substances were 
discarded. The study was continued on 5 of the test substances differing 
for the various groups of organisms. 

It now includes approximately 1,000 cultures of cheese organisms iso- 
lated from 37 different raw-milk cheeses, which represent every stage of 
the ripening period. The test for acid was made after 10 days’ incuba 
tion at 37° C.: Small squares of alkaline litmus paper were placed in the 

“cultures. If the color in several cultures of positive and negative reac- 
tions is compared this method will detect very slight increases in acidity. 

This method of testing the production of acid with litmus paper differs 
from that of other investigators who have made use of the fermentation 
tests for the classification of bacteria. These investigators have deter- 
mined by titration the amount of acid produced in the various broths 
and have considered these data also in their classification.. But in any 
work of the nature of the problem under discussion it is important that 
the first stages should be a comprehensive survey of all of the factors 
which may influence the final result rather than a more intensive study 
of any one or more factors which attract attention at first sight. The 
methods which have been followed in the classification of cheese organ- 
isms were chosen with the purpose of excluding as much as possible of 
the routine work, which appeared to be of minor importance for this 
study in its present stage, in order to extend it over a larger number of 
samples of cheese. For this reason the fermentable substances employed 
for the tests were reduced to the smallest number which appeared ade- 
quate for the differentiation. And the titration of the acid produced, 
which in the preliminary study was made in the dextrose broth alone, was 
entirely omitted in the major part of the study. Rogers and Davis 
(1912) have adopted an increase of 1 per cent of normal acid as the division 
between fermentation and nonfermentation. In the case of lactose, salicin, 
sucrose, mannit, and inulin the reddening of alkaline litmus paper gives 
practically the same results as far as the division into fermenters and 
nonfermenters is concerned, for in broths containing these substances 
the reaction is almost always negative or decidedly positive, with the 
development of a considerable acidity. If there is a development of 
acidity in glycerin, the reaction is often slight. ‘The titration of a num- 
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ber of such cultures showed that the litmus paper will detect increases 
of acidity as low as 0.5 percent; these were recorded as positive. Hence, 
in the comparatively few instances in which the development of acid is 
slight the results may sometimes be recorded as positive in this study, 
where other investigators would have recorded them as negative. 

The amount of acid produced is regarded as unimportant in the classi- 
fication of the cheese organisms. The consideration of degrees of acidity 
would greatly complicate a system which, if it is to be valuable in the 
study of the cheese problem, should rather be made as simple as possible. 


CLASSIFICATION OF THE BACTERIUM LACTIS ACIDI AND COCCUS 
GROUPS 


In the present study an especial effort has been made to differentiate 
the Bacterium lactis acidi and coccus groups. Since they were submitted 
to the same tests, the classification of these groups will be considered 
together. The organic substances which were adopted as the most useful 
test substances for the coccus and B. lactis acidi groups are lactose, sali- 
cin, mannit, sucrose, and glycerin. The morphology, the growth on 
plain agar slopes, and the growth in litmus milk were also considered. 

Cultures in which some or all of the cells are elongated and in pairs 
and which éurdle litmus milk with the reduction of the litmus charac- 
teristic for Bacterium lactis acidi were classedin that group. The Strepto- 
coccus group includes all cultures in which the cells are spherical and 
arranged in pairs orin chains. The cultures of this group do not give the 
reduction of litmus which is characteristic for the B. lactis acidt group. 
Most of the cultures of the Micrococcus group produce a heavy growth 
upon the agar slope, which is often of some shade of yellow. They are the 
members of the Coccaceaz which divide in two planes; consequently the 
cells appear in pairs, fours, or bunches. 

In Table I the sign + indicates that individual cultures of the given 
variety may produce acid from the substance in question; or they may 
fail to produce acid. The test substances are arranged in the table 
according to their order of availability. Jor example, lactose is fer- 
mented by the greatest number of cultures, and mannit is fermented by 
the least number of cultures of both groups of the Coccacez. 


TaBLe I.—Classification of the groups of cheese organisms 


Bacrerism Lactis Aci 


Production of acidity in broth containing— 
Variety No. 


Lactose. | Salicin. | Mannit. 


Sucrose. | Glycerin. 


Dames cena taclerae mene Caasmemeas + + a a = 
ET lng Wie esis. sha a) Ss halo nin ciallereliee) Hin anata sai rs + + _ + - 
(o Pee en Oa ere eles eer uryAr nearer rere + + + = = 
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TaBLeE I.—Classification of the groups of cheese organisms—Continued 


STREPTOcoccUS 
Production of acidity in broth containing— 
Varicty No. = ot 7 — 
Lactose, | Salicin. | Sucrose. | Glycerin. | Mannit. 
= —}-—— AL 
= | 
+ - + ae ft 
+ +. a + = 
+ + f = | 
. 
Micrococcus 
Production of acidity in broth containing— 
Variety No. = ate 
Lactose. | Sucrose. | Glycerin. | Salicin. | Mannit. 
a =: = === = 
A ) 
70 ot EB = os 
+ + ae me 
+ + - | - + 
1 


All organisms which have been found constantly in cheese are included 
in the four groups Bacterium lactis acidi, Streptococcus, and Micro- 
coccus groups, together with the B. casei group, which will be discussed 
later. The different varieties of all four groups produce acid in milk. 
Spore-forming organisms occur in very small numbers or are entirely 
absent. The same thing is true of liquefying organisms. Whenever 
they are present in sufficient numbers to have an appreciable influence 
in the ripening, it is to the detriment of good flavor. 

In the classification of the Bacteriwm lactis acidi group, variety “a’’ 
corresponds to group “A” in Rogers and Davis’s classification of the 
lactic-acid bacteria (1912). Varieties “b,’”’ “c,” and “d” are all included 
in their group “B,” which also includes other varieties which were not 
found among the cheese organisms and are therefore not mentioned in 
this work. 


CONSTANCY OF REACTION OF THE CULTURES OF THE BACTERIUM 
LACTIS ACIDI AND COCCUS GROUPS TO THE TEST SUBSTANCES 


It is obvious that the accuracy of this method, in so far as it is a guide 
for the classification of an individual culture, depends on the constancy 
of the reactions to the tests. It is the opinion of those who have made a 
comprehensive study of this method that the fermentation reactions on 
the test substances are on the whole remarkably constant for any given 
strain, and therefore they are of value in classification. Representative 
cultures of the varieties of the coccus and the Bacterium lactis acidi 
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groups have been maintained on agar slopes, with transfers made every 
month or six weeks. The constancy of the reactions of these cultures 
on the five organic substances has been tested, and the results on salicin, 
mannit, sucrose, and glycerin are given in Table II. The results on 


lactose are omitted, because they are always positive. 


Tani 11.—The constancy of the Bacterium lactis acidi and coccus groups in their action 


upon test substances 


Bactratum Lactrs Aciwwr 


Production of acid in broth containing— 


Salicin, Mannit. Sucrose. Glycerin. 
No. of = - a he | = as = { 
culture. Age of Age of 
culture culture i 
First | at | S&S |" at [third] First | Sey |Thira] First | SCF Third) First | Sey | Third 
test. | time of | Pate | time of | test. | test. | gocp. | test. | test. te st, | test | test. > tt, | test 
second ee) third = ee abs 
test. test. 
| 
= = — 
Months. Months. 
ave awses - s| — | — - - _ - - - - - - 
ie, = re ee | Bee Re  Necdaee| om = | |euneve -|- 
3. — 9 “- 12 m2 = Bs os = = — — — 
4. + 1 a PR Ca) = = Nacdeael) bsclam| epcte = m5 
S. Ls 8 ec Si ot - - + - - - - - 
6. = s} sh Si) + + + _ _ - _ = 
7. + s| + sh +} +) 4+)+)]—-“-}/ -}rtprd- 
8 + 2 Dan (ee ee + co Pee + ats = = 
Strerrococcus 
Production of acid in broth containing— 
| —— EE ———— 
Sucrose. Glycerin. Mannit. 
No. of Py es ] pat at =F 
culture, | Age of Age of 
culture] ¢ culture a 
First|~ at | Sey |" at |Phird| rirst| SCS |rhird) wirse] Soy | Third) First | Seo | Third 
test. | time of | ¢og¢, | time of | test. | test. | use, | test. | test. | Ease, | bet | Lest. | gage, | test. 
second *| third : ear ats: 
test. test. 
oe if = SSS etl eel = 
Months. 
ce ro} — os 20 ne _~ = = = = = 
- x10 | = = = Bs as aa a > = = 
- 6| - Sa eer tee paren renter] ey [ee | [ee 
- s| - + | + + | + -|- 
- 9| - +e] t fo, + | + -|- 
+ a) fe = = = = — = 
+ s| + -}|—-]—-]+]+ -|-|- 
+ a| + +]+]+4f—-]- -|-|{- 
+ s| + +] + fon. say msc tameney ze aa Rr 
- 6} — +] te fe | + pr] + f+ [+ 
+ s| + -}—-;}—-]+]—-]—-[+] +] + 
+ 4] + ee ee t | + 
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TABLE II.—The constancy of the Bacterium lactis acidi and coccus groups in their action 
upon test substances—Continued 


Micrococcus 


Production of acid in broth containing— 


Sucrose. Glycerin. Salicin. Mannit. 
Bie Age of | Age of l 

culture culture : 
First| at | SS | at |trhira] virst | $5 |-rhira] First | S¢ |rhiral wirst | SCY |*rhird 
test. | time of | PRt_ | time of | test. | test. | PRE | test. | test. | PRU | test. | test. | PUL | test. 

second | *' third cst. : 

test. test. 

Months. Months. 
- s| — ul +}]—-]-j)]-]- - - - . - 
— 10 =F 14 — = — + —_ = = = = = 
+ 9) + 3] + - - - _ - = = -|/- 
+ 9| + 3/ +] +]/—-]-]- - - = - - 
+ 6] + os} +] —-]-]-] + - - - - - 
i bo hs 9| + + = = + ot + - - ~ 
+ 4| + Sie} ae | a] = | + + + = |= _ 


In the Bactertum lactis acidi group there is a tendency for those cultures 
which have a low ability for fermentation to increase that ability when 
cultivated upon the plain agar slopes. This appears to be a change in 
the physiological properties of the cultures when grown under artificial 
conditions, for every variation which occurred in this group was an 
increased ability to attack the more difficultly fermentable substances. 
Thus, cultures 2 and 3, which at the time the first test was made fer- 
mented only lactose and were classified as variety ‘‘a,” in later tests 
fermented also salicin and mannit and would therefore be classified as 
variety “d.” Also, culture 5 acquired the ability to ferment mannit, 
and culture 6 acquired the ability to ferment salicin. 

The Streptococcus cultures all remained constant in their action upon 
lactose, salicin, and mannit. Cultures 9 and 10 acquired the ability to 
ferment sucrose, and culture 10 also acquired the property of fermenting 
glycerin. Culture rg lost the power of fermenting glycerin. ‘The Micro- 
coccus cultures also showed some inconstancy upon sucrose and glycerin, 
and one culture, 25, varied in its action on salicin. On the whole, the 
reactions are sufficiently constant to be considered valuable in the differ- 
entiation of cheese organisms. 


CLASSIFICATION OF. THE BACTERIUM CASEI GROUP BY BIOCHEMICAL 
TESTS 


The study of a number of cultures of the Bacterium casei group isolated 
from Cheddar cheese showed that there is a great variation in the amount 
of acidity the different cultures are able to produce in milk. It has 
been found (Currie, 1911) also that the cultures differ in the rotatory power 
of their acids. It was evident that different strains of this group were 
present in cheese, and therefore it was desirable to classify them, in 
order to study the significance of the various strains in cheese ripening. 
Accordingly the biochemical tests which were used for the differentia- 
tion of the other cheese organisms were adopted also for the classification 
of this group. 
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The preliminary study upon the 10 original test substances showed 
that lactose, salicin, sucrose, mannit, and inulin have some value in 
the differentiation of this group. The other five test substances were 
discarded as of too little value to compensate for the time required for 
their use. 

The morphology of this group differentiates it from the other cheese 
organisms. 

Two hundred and forty-nine cultures of the Bactertwm caset group 
have been submitted to the tests, which differentiated them into 12 
strains, as given in Table III. It was necessary to combine this large 
number of strains into varieties, in order to make the classification 
workable in the study of the cheese problem. 


TABLE II].—Types of Bacterium casei as differentiated by biochemical tests 


| 
Production of acid in broth containing— 
Number of 
Strain No cultures — — = 
studied. Lactose. Salicin. Sucrose. | Mannit Inulin. 
| | 
5 | Re = 
117 | oF: 
a2} + + | 
12 | ay = a = = 
8{ + + + ~ - 
7| + - - + - 
14 = ae = == = 
7) + - + + - 
28} + + + + ~ 
1] + - + - + 
12 + = | oo = + 
7| + + + + + 


Strain 2, which ferments lactose alone and includes almost one-half 
of the cultures studied, naturally formed one variety. With it was 
included the five cultures which failed to ferment lactose in broth cul- 
tures, although they fermented lactose in milk cultures. The second 
variety includes all cultures which ferment lactose, and one, two, or 
three of the test substances—salicin, sucrose, and mannit. A third 
variety is characterized by its ability to ferment inulin. This variety 
also ferments lactose and one, two, or three of the substances, salicin, 
sucrose, and mannit. The three varieties have been designated ‘‘a,” 
“bh, and “‘e” in Table IV. 


TasLr 1V.—Varieties of Bacterium casei found in cheese 


Production of acid in broth containing— 


Variety No. -——- —— : 


Lactose Salicin | Sucrose, Mannit. 


Inulin. 
| { 
= A TRIED | —_|—_—— 
DI enicnec duieeeere oie Oe eae a + so _ - | = 
Ree ee enters eee + £ £ tet of 
c. See ee + aa | as En cab Gane 
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There is a great variation in the amount of acidity formed in milk by 
the various cultures of a given strain. In Table V are given the range of 
maximum percentages of acidity found within the strain. The average 
percentage of acidity formed by the cultures increases with the ability 
to break down the more complex test substances. The average per- 
centages for the three varieties are given in Table VI. The acid has 
been calculated as lactic acid. 

TABLE V.—Range of percentages of acidity formed by the strains of Bacterium casei 


Number of | Range of max- Number of | Range of max- 

Strain No, cultures imum percent- |} Strain No. cultures imum percent- 

studied. ages of acidity. | studied. | ages of acidity. 

Tates rt | 0.68 | 12 | 0.91 to x. 97 

2. 60] .10 tor. 52 6] .94 tor. 69 

3- 8] .73 to 2.37 14 | 1.38 to 1. 80 
4. 12 -42 to 1.50 I 07 

5: 16} .47 to 1.97 - 86 to 1. 60 
6... 5 | .85 tor.35 r |x. 74 


TasBie VI.—Variation in the average percentage of acidity formed by the varieties of 
Bacterium caset 


Number of Average per- 
Variety No. cultures 
titrated. acidity. 
60 0.75 
2 13.03 
10 I. 23 


The statement was made in a previous publication (Hastings, Evans, 
and Hart, 1912) that the width of the cells of the lactic bacilli in a pure 
culture appear to be fairly constant, but that in come cultures the indi- 
vidual cells are all slender, whereas in other cultures they are all com- 
paratively thick. Measurements have been made of the width of the 
cells in many cultures. The averages for the three varieties are given 
in Table VII. 


Tas_e VII.—Variations in the average width of the cells of the varieties of Bacterium casei 


5 Number of Average width 
Variety No. cultures of the cells in 
measured, microns, 


25 1. 06 
22 - Sr 
3 “53 


Thus, it is shown that the width of the cells decreases with their ability 
to attack the more difficultly fermentable substances and with their ability 
to produce higher percentages of acidity. The differences in width are 
so great that with a glance at a microscopic field of a culture containing 
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cells of either extreme in width, the culture may be classed as a high or a 

low acid-producing variety. 

DISTRIBUTION OF THE GROUPS AND VARIETIES OF CHEESE ORGAN- 
ISMS IN NORMAL CHEDDAR CHEESE 

Twenty-one raw-milk cheeses have been analyzed bacteriologically 
and the cultures classified in the manner described above. Some of the 
cheeses were analyzed only once or a few times. In Table VII are 
given the percentages of the different varieties which were found in a 
series of 16 cheeses. These were the best of a large number of cheeses 
which had been sent for scoring to the Dairy Department of the Uni- 
versity of Wisconsin from cheese factories in different parts of the State. 
They represent a high quality of Wisconsin cheese. 

It will be observed that almost every variety of each of the four 
groups of cheese organisms is represented in the 16 cheeses in sufficiently 
large numbers to be influential in the development of flavor. It is not 
to be supposed that representatives of all of the varieties occurring in a 
cheese can be isolated each time the cheese is submitted to analysis. 
Particularly in the case of those cheeses which were analyzed only once, 
other forms than those shown by the data must have been present. 
For this reason Table VIII as a whole rather than the data from any 
individual cheese should be considered in drawing conclusions as to the 
types of organisms present in normal cheese. The figures of the table 
indicate that the flora of a normal Cheddar cheese is varied and consists 
of representatives of cach of the four groups of cheese organisms. 


TasB_e VIII.—Bacterial content of normal raw-milk cheeses 


) 


: Variety of | Varicty of ot has | ae . Variety 
Bacteria | Bacterium | Bacterium Variety of, Varicty of Bacteria | of Bac 
Cheese Age per gram | Jactis acidi. casci. streptococci, mucrococc1, per gram. terium 
No. ia (plate (dilution casei. 
cuitere) | —<= 1 eh 7 SS eres): hr 
alb/dilalb]c]la]bj]cid 


Days. Pr. 
30 135,000, 000 
30 | 8,000, cco 
32 | 4,000, 000 
28 |10, 500, C00 Band Gre 
32 | 3) 200,000 |oveefeees 

48 | 2,000, coo 
38 55,000, 000 
24 | 7,0¢0,000 
30 | 8,000, cco 
30 | 3, 500,000 
45 |15, 500,000 |... 
a , §2 \36, 000, 000 
68 |11, 000, cco 
37 |28, 000, coo 
IZi see 43 |25,000, 000 : 
59 | 3,200,000 |....). 
39 |10, 000, cco 
TO rome 46 | 5,0Cc0, 000 
62 | 4,500,000 |... 
18 |12,000, 0co 
eS re 25 |15,000, 000 
41 |11, 500,000 
16 |600,000,c00 


+|/P.c.) .¢.|P.c.|P.c.| Pic. 


130 
32 |125,000,c00 
14 |38, 000, 000. 
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A more comprehensive study was made of raw-milk cheese No. 17 R. 
Analyses were made during the making and at intervals throughout the 
ripening period until the cheese was 8 months old. The results of this 
study are given in Table IX. 


TasLe IX.—Bacterial content of raw-milk cheese No. 17 R 


Variety of Variety, . Variety Variety of Nancy, 
i Bacteri of Bac-| Variety of of micro- ‘ Bacterium | f Bac 
Bacteria ea terium | streptococci. . Bacteria patch terium 
per gram lactis acidi. age cocci. per gram lactis acidi. cael 
Age. | “(plate ‘ (dilution 
cultures). 7 | cultures). hex —_|—_— 
alb]|ec}d}a]b] bj] cid]la]b lie d a b 
Pics |Pst.| Pe: 
--|99.999]----lo. cor 
99 | * +Or 
.. [100 
9.1 
Weel 


Where very small percentages appear in the columns of the coccus 
groups the figures were obtained by plating upon an agar made with 
cheese extract. Upon this medium the lactic-acid groups of organisms 
form very small colonies, but the cocci, particularly the micrococci, 
develop large colonies and can be easily differentiated and isolated from 
plates which are very thickly seeded. 

Cheese No. 17 R was a good Cheddar cheese, with the characteristic 
flavor well developed when 1 month old. The cheese remained in good 
condition until the last analysis, with an increasing sharpness of taste 
which is common to well-matured cheese. The flora is considered typical 
of a good Cheddar cheese. The data confirm those presented in Table 
VIII. Twelve of the fifteen varieties of cheese organisms representing the 
four groups were isolated from this cheese. The data presented in Tables 
VIII and IX show that besides the Bacterium lactis acidi group, which 
has long been known to be important in cheese ripening, and the B. casei 
group, which was shown (Hastings, Evans, and Hart, 1912) to be con- 
stantly present in cheese in numbers almost as great as the former group. 
Coccus forms are also constantly present, and although they are fewer 
in number than the lactic-acid-forming groups they occur in sufficient 
numbers to affect flavor development. 

Other evidence of the constant presence of several varieties of bacteria 
in the cheese flora is found in the gradual decline in acid production, as 
the dilutions increase, in milk inoculated with the cheese emulsion. In 
the present study of cheese flora, several hundreds of series of titrations 
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have been made of the milk cultures which have been mentioned as a 
part of the routine method of cheese analysis. There is in nearly every 
series a general decline as the emulsion used for the inoculation becomes 
more and more dilute. The two series presented in Table X illustrate 
the point. The titrations were made after 28 days incubation at 35° C. 
and the acidity calculated as lactic acid. 


TasLe X.—Decline in acidity with increasing dilutions of cheese emulsion used for 
inoculation of milk cultures 


Cheese No. 312 C. | Cheese No. 309 C. 

: | Percentage + | Percentage 

Dilution caddies. I Dilution. aciiite: 

a 
1:100,090. | TIGON || TIO, OOO sicredaaanns I. 54 
I:I,000,000..... Te 55) || \KIXOO,/OCO! so... aa: Ae I. 45 
I:10,000,000.... TFS! |) WEL OOO; OGO snares oils wrslaiers wee I. 50 
I:100,000,000... - 78 |] (LiT0,000,000.......0.5 > | 1.18 
NIE /O0Dj/O0GjO00) 5 oc ae eb views - 67 |] I:100,000,000 1.00 

1!10,000,000,000. . Dae aieieos | (2) I-40) OODIO00, OOO} or tn oles cintaiat (2) 


4 No growth. 


The lower percentage of acidity with every tenfold dilution indicates 
that in each dilution there were present certain varieties of organisms 
in such small proportions that they did not occur in the next higher 
dilution. Out of 345 series of titrations the decline was without a break 
in 56 per cent of the cases; in 37 per cent of the cases there was a general 
decline, but with one or more breaks; in only 7 per cent of the cases was 
this decline not apparent. 


THE VARIATION IN CHEESE FLORA 


It is evident from Tables VIII and IX that the normal flora of Ched- 
dar cheese is varied, with varieties of all four groups of cheese organisms 
in numbers ranging from hundreds of thousands to billions per gram of 
cheese. The flora in two equally good cheeses will contain each of the 
four groups of cheese organisms, but will differ as to the varieties present. 
There will also be a variation in the proportion of organisms of any single 
group. It does not appear that it is essential to good flavor to have any 
single variety present in very high proportions. One cheese may con- 
tain a given variety in high proportions, whereas another cheese may 
have this variety in such low proportions that it does not make its ap- 
pearance in a bacteriological analysis. To illustrate: Streptococcus “b,” 
which formed 30 per cent of the flora of cheese No. 36 (Table VIII), was 
isolated from only 6 of the 17 cheeses whose flora are presented in Tables 
VIIT and IX. 

‘This variation of flora, with a constancy to the general type of growth, 
is to be expected under any ecological conditions determined by natural 
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circumstances, for the ripening of Cheddar cheese must be regarded as a 
spontaneous fermentation, limited to certain groups of bacteria by the 
conditions obtaining in the cheese mass and subject to variation within 
the groups by accident of inoculation before or during the cheese mak- 
ing, or by slight variations in the raw material or in the method of manu- 
facture, which enable one variety or the other to gain an ascendancy. 


SYMBIOTIC RELATION OF CHEESE ORGANISMS 


The complex chemical changes taking place in a mixed culture of bac- 
teria have usually been regarded as the result of the combined activity of 
the individual properties of each of the several species when grown alone, 
with these properties accelerated in some cases by the associated action. 

Among the many cultures of cheese organisms inoculated into the car- 
bohydrate media, it was observed that when by accident the culture 
was contaminated with other cheese organisms through failure of a pure 
isolation, there appeared to be a high ability to attack the more complex 
substances. Accordingly many inoculations of cheese cultures were 
made into the test media in various combinations, to determine whether 
associative action would give new properties to the cultures concerned. 
In this experiment the test for acid production was the reddening of litmus 
paper. In many cases acid was produced from a given substance by the 
associated action, when neither culture working alone would give such a 
reaction. A few examples are given in Table XI to show the results of 
these inoculations. 


TaBLE XI.—The effect of the associative action of cheese organisms in breaking down 
test substances 


Production of acid in broth containing— 


Organism. 7 1 7 7s a a se 
Lactose. | Salicin. | Sucrose. | Glycerin. Mannit. Inulin. 


Bacterium Jactis acidi, a....... 
Bacterium casei, a Ne 
Bacterium casei, b............ 
Streptococcus, b............... 
Streptococcus, c. 
Micrococcus, b....... 
Bacterium lactis acidi, a; Bac- 
terium casei, a.............. 
Bacterium lactis acidi,a; Bac- 
terium casei, b.. 
Bacterium lactisacidi, a; . Strep- 
tococcus, b.... 
Bacterium lactisacidi, a;  Strep- 
tococcus, C...... 
Bacterium casei, a; “Bacterium: 
ce Sy | sae On cane nea 
Bacterium casei, a; eee as 
coccus, b i zat 
Bacterium casei, a 
coccus, c.. 
Bacterium casei, 
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Further inoculations were made into broth containing the test sub- 
stances to determine the quantitative effect of this associative action. 
The results of some of these inoculations are given in Tablé XII, in which 
the acidity is expressed as lactic acid. 


TABLE XII.—The effect of the associative action of cheese organisms in the production 


of acid 
Medium. 
Salicin. Sucrose. Mannit. 
Organism. 
] 

Indi- Asso- Indi- Asso- Indi- Asso- 
vidual ciative vidual ciative vidual ciative 
action. action. action. action. action. action. 

: er Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

Bacterium lactis cidi, a °. co | ou6 ©. 00 e660 { 0. co | 656 
Bacterium casei, a .00 |f =) .00 | -00 | 
Bacterium lactis acidi os - 00 |] f co } 6S if - 00 | x 
Streptococcus, b.. eae 00 |f NY - 60 ; NN 200 P 
Bacterium lactis acidi, ‘b co 2 { +00 | a -00 | en 
Bacterium casei, a....... : 30 | 37 00 | — 00 | 
Bacterium lactis acidi,b...... +00 | ae - 00 | . {66 } ac 
Micrococcus, ¢c. ; 39 ssa | cree “BEN 00; ude 
Bacterium lactis ‘acidi, - 00 i = . 00 \ - 4, +80 \ ss 

3acterium casei, a -00 s 00 | pa L306 — 
Bacterium lactis acidi,d.... - 00 }\ 33 +00 | { - 00 or 
Micrococcus, b.......... ius - 00 | — “005) 33 | RS) 

{ 


The data show that considerable quantities of acid can be formed in 
mixed cultures even though the individual cultures are unable to ferment 
the substance in question. In the Bacterium lactis acidt group, 13 posi- 
tive reactions were obtained and determined by titration in cultures in 
which a member of this group was mixed with a representative of one 
of the other three groups of cheese organisms, while 23 cases were negative. 
In the entire 36 tests none of the organisms was able to ferment the 
substance used when working alone. The same symbiotic relations were 
exhibited by the B. casei group when a member of this group was grown 
together with a representative of one of the other groups of cheese 
organisms or with another variety of the same group. (See Table XI.) 
Thus, it appears not only that the influence upon each other of the 
cheese organisms is beneficial in enhancing the individual powers in many 
cases but also that the symbiosis enables the cheese organisms to attack 
other food substances than any one species working alone would be 
able to utilize. 

The fact that the normal flora of Cheddar cheese consists of a number 
of varieties of the four groups of cheese organisms and that these exert 
upon one another a decided influence in their chemical activities is most 
important in considering the cheese-ripening problem. 
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BACTERIAL FLORA OF PASTEURIZED MILK CHEESE 

The influence of this varied flora upon the production of flavor is 
emphasized in a study of the flora of pasteurized-milk cheese. During 
the pasteurization approximately 99 per cent of the bacteria of the milk 
are killed (Sammis and Bruhn, 1912); then there are added, in the form 
of a starter, organisms belonging to the Bacteriwm lactis acidi group. 
But instead of ripening the milk until the desired acidity for cheese mak- 
ing is obtained—the usual procedure in the making of raw-milk cheese— 
a weak solution of hydrochloric acid is added to make up the required 
acidity. ‘This is necessary in preparing pasteurized milk for cheese making. 

It is evident that the initial bacterial flora of the cheese made from 
pasteurized milk must differ from the flora of a raw-milk cheese of the 
same age, for in the latter all of the types of organisms making up the 
varied flora of milk have had an opportunity to develop without any 
other restraint than that of their symbiotic relations with the associ- 
ated types. 

In studying the flora of cheese in respect to its influence in flavor 
production many bacterial analyses have been made of pasteurized- 
milk cheese in every stage of the ripening process. The cultures isolated 
have been studied in the same manner as those from raw-milk cheese 
and have been classified accordingly. In Tables XIV and XV are pre- 
sented the results of the analyses of two pasteurized-milk cheeses, Nos. 
20 and 21, to which pure-culture starters were added. To cheese No. 20 
(Table XIII), there was added 0.75 per cent of a pure-milk culture of 
Bacterium lactis acidi,b. In striking contrast to the varied flora of raw- 
milk cheese, as presented in Tables VIII and IX, it will be observed 
that the bacterial flora of this cheese consisted almost entirely of the 
one variety of organism, B. /actis acidi, b, which was added to the milk 
for a starter. Only once was another variety of this group isolated. 


TABLE XIII.—Bacterial content of pasteurized-milk cheese No. 20 to which was added 
0.75 per cent of a culture of Bacterium lactis acidi, b 


Plate cultures. Dilution cultures. 
Vari- oath 
Varicty of _ |ety of : ety o! A 
Age. Bacterium lac- |strep- Varicty of Bacte- Variety of 
f Usacidt: to. | Mucrococci.| Con- . rium |Bacterium casci. 
Bacterial temine Bacterial lactis 
cocci. | a 
content. tion. content. acidi. 
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One variety of the Streptococcus group was isolated once, and two 
varieties of the Micrococcus were isolated, each only once, in small 
percentages. The small percentages of cocci were isolated from cheese- 
agar plates in the same manner as was followed in the analysis of the 
raw-milk cheese presented in Table IX. Cheese No. 20 was quite 
badly contaminated with a liquefying coccus which infected each of 
the three vats of milk made up separately into cheese. The contam- 
ination is given in a separate column. ‘The data from the dilution cul- 
tures show Bacteriwm lactis acidi, b, as the predominating organism of 
the cheese at every examination. The B. casei group developed 
slowly in this cheese. It was present in exceedingly small percentage 
during the first few days. Unfortunately the dilutions were made too 
high, so that this group did not appear in the dilution cultures in the 
analyses made between the sixth and forty-seventh days. At the 
forty-seventh and seventy-second days there were present 1,000,000 
bacteria of this group per gram of cheese. 

Tabie XIV.—Bacterial content of pasteurized-milk cheese No. 21 to which was added 
0.75 per cent of a culture of Bacterium lactis actdi, d 


Plate cultures. Dilution cultures. 
= Variety of Jari- Variety of 
Age. | : Variety micrococci. 3 Abate Bact. casei. 
| Bacteria of B Bacterial Bl 
content. bs  — ———————————) content. ‘ sat eae 
acidi, d. acidt, 
| a b a b 
Days or state. Per cent, | Per ct. | Per ct. Per ct. 
Milk anedalicry a cneontehavelaseges ‘ ; 10,000,000 |100. 00 
Curd 100. 09 100, 000, 000 as 
ed 100. 00 | 100, C00, 000 | 99. 999 
13... 100. 09 | 1,000,000, 0¢0 |100.00 }...... le, 
eee 100. 09 | 1,000,000, 000 |. 2 os [seen eves 
290 100. 09 1,000, 000, 000 ]100. 00 | 
37 99-99 o.0f 1, 000, 000, 000 . 
46 99-99 or .| 1,000, 000, 000 | 99-99 109 
7 99:94 +02 0.04 |... “9 sisaee ant aaie phn [ethene 
hi 100.09 | 1,009,000,000 | 99:90 |..... Ort 
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Cheese No. 21 (see Table XIV) received three-fourths per cent of 
Bacterium lactis acidi, d, as a starter. A study of the pure cultures 
isolated from this cheese shows that this variety composed practically 
roo per cent of the cheese organisms, as determined by plate cultures. 
No other variety of Bacterium lactis acidi and no variety of the Strep- 
tococcus group appeared. Small percentages of micrococci were isola- 
ted on the thirty-seventh, forty-sixth, and fifty-seventh days. The 
pure cultures isolated from the dilution flasks showed only B. lactis 
acidi, d, and a slowly increasing number of B. caset, which reached 
1,000,000 of these bacteria per gram of cheese on the forty-sixth day. 

The data in Tables XIII and XIV illustrate well the facts which are 
demonstrated by a study of the results of many analyses of 14 pas- 
teurized-milk cheeses. In some of these cheeses a mixture of several 
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pure cultures was used as a starter. Usually every type which was 
added to the cheese was isolated in considerable percentages in some 
one or more of the analyses. Thus, it has been shown that the flora 
of pasteurized-milk cheese consists almost entirely of the organisms 
which are introduced in the starter, with a small percentage of micro- 
cocci and steadily increasing numbers of Bacterium caset. 


RELATION OF THE VARIOUS TYPES OF CHEESE ORGANISMS TO FLAVOR 
PRODUCTION 


Since it has been shown that in pasteurized-milk cheese the bacterial 
content is practically limited to the varieties which are added during the 
making, together with small percentages of micrococci, and a development 
of the Bacterium casei group similar to that in a raw-milk cheese, although 
it is usually more or less retarded, it is possible to gain some knowledge of 
the influence of the different varieties in pure culture upon flavor pro- 
duction. 

A normal raw-milk cheese of the Cheddar type will, after a few days’ 
ripening, begin to develop a delicate flavor which is characteristic of this 
type of cheese. This flavor becomes intensified as the cheese matures, 
and after ripening for a number of weeks, depending upon the tempera- 
ture at which the cheese is kept, it acquires a pungent taste which also 
intensifies with continued ripening. 

A pasteurized-milk cheese made with a commercial starter will never 
develop the Cheddar flavor which characterizes a young raw-milk chicese 
of this type, but it does develop an acid flavor which is pleasant to the 
taste of many people. If the cheese is kept for several months, the acid 
flavor disappears and the biting taste common to well-matured raw-milk 
cheese becomes the characteristic flavor. 


THE ROLE OF BACTERIUM CASEI IN FLAVOR PRODUCTION 


The floras of the two types of cheese, which differ essentially during 
the first few weeks of ripening, become more and more alike as the cheese 
matures, Asshownin Table XV, Bacterium casei develops in pasteurized- 
milk cheese in as large numbers as in raw-milk cheese. It is reasonable, 
therefore, to ascribe to this group of organisms the development of the 
pungent flavor common to the two types of well-matured cheese. 

In Table XV are given the numbers of Bacteriwm caset in a raw-milk 
and in a pasteurized-milk cheese made the same day from the same lot 
of milk. Until the forty-second day the raw-milk cheese contains about 
10 times as many of the B. casei as the pasteurized-milk cheese, but after 
the forty-second day the cheeses contain about equal numbers of these 
organisms, 

Cheeses Nos. 307 C and 307 illustrate the Bacterium casei content found 
in 12 similar cheeses—6 of the raw milk and 6 of the pasteurized milk— 
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made on successive days. The two cheeses selected were among the best 
flavored of the lot and are typical cheeses of the raw-milk and pasteurized- 
milk types. ‘The Cheddar flavor was already developing in the raw-milk 
cheese when first examined for flavor at 18 days. This flavor increased 


TaBLe XV.—The correlation of the development of the Bacterium casei group and the 
pungent taste in raw-milk and pasteurized-milk cheese 


| 
\ Cheese No. 307 C (raw milk), Cheese No. 307 (pasteurized milk). 
| 
ro Number of Number of 
ge | individuals of individuals of 
| Bacterium casei Flavor, Bacterium casei| Flavor. 
per gram of per gram of 
cheese. cheese. 
Days. | 
2 10, 000 Rearacnia We as ma as 
3 10, 000 10, 000 
4 100, 000 10, ooo 
5 100, CCO 10, 0CO 
7 | 10, 000, 000 I, 000, 000 
g |100, 000, coo 1, 000, 000 
Ir I, 000, 000 I, 000, 000 
P8 || COCO SOS aloe sjspcta cis simyara wioaiwee 10, 000, 00O 
18 | 10, 000, o00 | Cheddar, developing... .| 1, 000, 000 | Cottage-cheese. 


at IO, 000, 000 100, 00O 
TOO, OOO, OOO 10, 000, COO 


ON1TGO; COO) '000 Illa siege asain eaaw eave ....| 10, 000, C00 
n 


4 RONDO OO. Mace wins cs tas asa arerares 10, 000, cco 
49 | 10,000, 000 | Strong Cheddar. walesseeceeess| Only a'sour taste. 
56 | 10, 000, 000 Stayer s\ cian bere la ccsmie) 5. sepals I, 000, 000 Do. 
71 | 10,000, 000 | Strong Cheddar.........]100, 000,000 | Clean, sour taste, mo 
Cheddar. 
98 | 10,000, 000 | Strong Cheddar; getting | 10, 000, 000 Do. 
sharp. 
108 | 10, 000, 000 |... . Pepa eaten ec Pe race 100, 000, 000 Do. 
150 1, 000, oco | Strong Cheddar; sharp. .| 10, 000, co0 Do. 
218 | 10,000,000 | Extremely sharp....... 1,000,000 | Acid flavor has disap- 
peared. Mild sharp- 
| ness. 
BEE |hcas sous ones) Dntensely:- sharps oo... feas «suena Good cheese. Sharp. 


in strength until the ninety-eighth day, when the pungent taste became 
evident. As the cheese aged, the sharpness became more and more 
intense. In the pasteurized-milk cheese no other flavor than a sour taste 
was apparent until the cheese was about 7 months old, when it possessed 
a mild, sharp taste. 

Jensen (1904, p. 356) has shown that the Bacterium caset group is 
active in breaking down the casein of milk to which calcium carbonate 
is added and maintains that the casein is not peptonized, but is split 
directly into monoamino acids. 

Van Slyke and Hart (1903) have shown that there is a constantly 
increasing percentage of monoamino acids in ripening Cheddar cheese. 
At three months more than one-third of the water-soluble nitrogenous 
compounds is in this form, and later a much larger percentage. The 
evidence seems to point to the fact that in raw-milk Cheddar cheese and 
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in the pasteurized-milk cheese the Bacterium casct group common to 
both of these types of cheese is responsible for the biting tuste which is 
characteristic of the well-ripened cheese. : 

Jensen has explained the action of the Bacterium caset group in pro- 
ducing amino acids as due to an “‘endoerepsin”’ set free by the dead 
cells rather than to the activity of the living bacteria, because he found 
the greatest amount of amino acids formed after the bacteria were for 
the most part dead (Jensen, 1912). 

Whatever may be the condition in the Emmenthaler cheese which Jen- 
sen studied, this explanation for the activity of the Bactertwm casei group 
in Cheddar cheese is not necessary. It appears to be certain that the living 
bacteria were active throughout the npening period in this type of cheese. 
Cheese No. 17 R (Table IX) and cheese No. 307 C (Table XV) both demon- 
strated thisfact. Incheese No. 17 R there were 10,000,000 living bacteria 
of the B. casei group per gram of cheese when 8 months old; cheese No. 307 
C contained a similar number at 7 months. ‘These bacteria did not 
appear to be living in a latent condition, for all three varieties of B. casei 
readily grew upon an agar made with only an extract of the cheese for a 
food substance. Every time an analysis was made of cheese No. 17 R 
such an agar was prepared on the day the analysis was made, using for 
the cheese agar a part of the plug which served for bacteriological analysis. 
Thus, the cheese organisms were submitted for development upon the 
same food substance which served them in the cheese itself. 

The result of the bacterial count upon this cheese agar was only slightly 
smaller than the total count upon the casein agar. Tvery variety of 
cheese organisms grew upon this medium. On the eighty-ninth day, 
when 32,000,000 organisms per gram of cheese developed colonies on the 
casein agar and of the 10 colonies isolated none belonged to the Bacterium 
caset group, 20,000,000 colonies developed upon the cheese agar, of which 
20 per cent, or 4,000,000 bacteria per gram, belonged to the B. casct group. 
The flask dilutions on that same date showed 1,000,000 bacteria of this 
group per gram of cheese. Thus, it is shown that several millions of 
living organisms of the B. casei group are present in a normal Cheddar 
cheese 3 months of age, and the cheese itself provides suitable food for 
development. It is most probable that under these conditions the living 
bacteria are active in the cheese. 

INFLUENCE OF BACTERIUM CASEI IN STARTERS FOR PASTEURIZED- 
MILK, CHEESE 

Many experimental pasteurized-milk cheeses have been made with pure- 
culture starters, to determine their influence upon the production of flavor. 

In the first series some variety of Bacterium caset was added to a num- 
ber of the cheeses, together with the B. lactis acidi. When variety “a” 
was added, there was a tendency for the cheese to become “‘acid injured ’’— 
strongly acid, friable, and opaque. ‘The use of variety “‘b”’ as a starter 
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was more likely to bring about this condition. When variety “c’’ was 
used, the cheese was almost certain to be ruined by the acid before it was 
a month old. This variety was isolated only once from the 21 normal 
raw-milk cheeses which have been studied with reference to the varieties; 
and then there were present less than 500,000 bacteria per gram of cheese. 
B. casei, ¢, has been isolated, however, from three raw-milk cheeses which 
had a sour taste rather than the Cheddar flavor. Therefore this variety 
can not be regarded as a necessary organism in normal ripening. It is 
likely that it never occurs in Jarge numbers in the young cheese without 
causinginjury. B. casei, varieties ‘a’ and ‘‘b,” are about equally distrib- 
uted in normal Cheddar cheese, where they usually occur together and per- 
form an active part in the ripening changes. It has been noted that the 
B. casei groups develop gradually in the pasteurized-milk cheese, as they 
do in the raw-milk cheese, although usually more slowly. The introduc- 
tion of this group as a starter, however, resulting in abnormally large 
numbers of B. casei in the early ripening period, is detrimental to the 
cheese. 

In subsequent series of experiments with pasteurized-milk cheese 
this group of organisms was never added to the starter. 
INFLUENCE OF BACTERIUM LACTIS ACIDI UPON FLAVOR PRODUCTION 


When Bacterium lactis acidi, a or b, is used for a starter in pure 
culture in pasteurized-milk cheese, an acid taste is produced which 
is characteristic of the ordinary pasteurized-milk cheese made with the 
use of a commercial starter. No suggestion of a Cheddar flavor is ever 
obtained. If B. lactis acidi, d, is added to the milk, there is almost 
always produced a peculiar flavor, which, as it intensifies with continued 
ripening, becomes decidedly bitter. Out of 14 experimental cheeses in 
which 0.75 per cent, the ordinary quantity used for a starter, of a 
pure culture of this variety was used or in which a mixture of several 
pure cultures was used with B. lactis actdi, d, in large proportions, the 
unpleasant flavor has developed some time between the fourth and 
fourteenth weeks. Usually the cheese becomes bitter by the time it 
is 2 months old. In only one instance has the bitterness failed to develop 
before the fourteenth week. The figures in Tables VIII and IX show 
that B. lactis acidi, d, was isolated from normal raw-milk cheese with 
sufficient frequency that it may be concluded that it is always present 
in this type of cheese in large numbers. It no doubt contributes to the 
characteristic Cheddar flavor under the conditions obtaining in a normal 
cheese. But it is certain that a large amount of this variety is not 
suitable for use in the starter for pasteurized-milk cheese. 


INFLUENCE OF THE COCCUS GROUPS IN THE PRODUCTION OF FLAVOR 


From the frequency of occurrence of all four varieties of the strepto- 
cocci in normal Cheddar cheese in percentages ranging as high as 50, 
as shown in Tables VIII and IX, it is most certain that this group is 
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active in the ripening changes. The by-products of this group of organ- 
isms are entirely different from those of the Bacteriwm lactis acid group. 
Instead of a large quantity of lactic acid, with small quantities of other 
acids, as formed by the latter group, the streptococci produce no lactic 
acid, but produce large amounts of acetic acid, with smaller percentages 
of propionic, butyric, and caproic acids (Hart, Hastings, Flint, and 
Evans, 1914). ‘The streptococci were also shown to produce small 
amounts of ammonia, a by-product not found in B. lactis acidz cultures. 
It is therefore to be expected that the large numbers of streptococci 
present in Cheddar cheese have a decided influence upon flavor develop- 
ment. Theinfluence of individual cultures of this group in the ripening of 
pasteurized-milk cheese will be discussed later. 

Bacteria of the Micrococcus group were isolated from normal Cheddar 
cheese in percentages as high as 4o. It does not appear that this 
group of organisms is of primal importance in the production of Cheddar 
flavor, however, for they have been found commonly in pasteurized-milk 
cheese in numbers comparable with those found in the raw-milk cheese 
with well-developed flavor. When added to the cheese in large per- 
centages of the starter, a bitterness is always produced within a few 
weeks. 


EXPERIMENTS IN THE PRODUCTION OF DESIRABLE FLAVORS IN 
PASTEURIZED-MILK CHEESE 


The study of the bacterial content of normal Cheddar cheese has 
demonstrated the fact that the flora is varied and is made up of several 
varieties of all four groups of cheese organisms. Therefore, in the 
attempt to prepare starters which might develop Cheddar flavors in 
the pasteurized-milk cheese it appeared reasonable to mix pure cultures 
together for the cheese inoculation, choosing the varieties most fre- 
quently found in Cheddar cheese with the well-developed flavor. Many 
experimental cheeses have been made with the use of such starters, 
the mixtures being made up of from two to nine pure cultures in Various 
combinations and varying percentages, in order to determine which of 
the varieties in addition to Bacteriwm lactis acidi might improve the acid 
flavor of the pasteurized-milk cheese. 

The difficulties in preparing a starter which will reinstate in pasteurized 
milk a flora which will simulate raw milk well ripened for cheese making 
are apparent, even though the relative percentages of each group and 
variety were better known. 

Out of 20 experimental cheeses which were inoculated with Bacteriwm 
lactis acidi, a or b, together with one of the other varieties of this group 
or some variety of the coccus groups or with some mixture of these 
pure cultures, there was usually obtained a better flavor in the young 
cheese than in the control cheese inoculated with a pure culture of B. 
lactis acidi,a orb, alone. But by the time the cheese was well ripened a 
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bitterness had usually developed. It was observed that, as in the B. 
lactis acidt group, the coccus cultures with a high ability to ferment the 
more complex test substances were likely to produce bitterness when 
inoculated in large percentages. The fact that some of these cultures 
with high fermenting ability were included in almost all of the mixtures 
is thought to account for the development of bitterness in this series of 
experimental cheeses. Nevertheless these organisms may participate 
in the production of a good Cheddar flavor under the conditions for their 
development in the raw-milk cheese. In only one cheese of this series 
was a semblance of a Cheddar flavor obtained. This cheese was inoculated 
with the following mixture: B. lactis acidi, b, 42 per cent; B. lactis acidi, 
d, 48 per cent; Streptococcus, c, and Micrococcus, b, each 5 percent. At 
three months there was an unmistakable resemblance to a Cheddar 
flavor. At four months the cheese scored as high as 94.6 per cent when 
examined by experts. ‘Thus, the Cheddar flavor was obtained with this 
combination of cultures, most of which produced bitterness when used 
individually. 

It was observed that several cheeses of this series, to which there was 
added aconsiderable percentage of Streptococcus, b, developed a pleasant 
flavor, an improvement upon the acid flavor of Bacterium lactis acidt 
alone, although it was not the Cheddar flavor. A third lot of experimental 
pasteurized-milk cheeses was made, in which the value of Streptococcus, 
b, in various proportions, together with B. lactis acidi, b, was tested. 
Three vats of cheese were made on each of three successive days. In 
series A, 50 percent or more of the starter was a culture of Streptococcus, 
b; in series B this organism made up 3334 per cent or less of the starter. 
In series C the starter was a pure culture of B. lactis acidi, b. In Table 
XVI the scores for the cheeses are given, as determined by expert judges. 
‘The average score of the three judges for each cheese is given, 100 being 
perfect. 


TABLE XVI.—The effect upon flavor development of the use of various percentages of 
Streptococcus, b, in the starter for pasteurized-mulk cheese 


Series A. | Series B. Series C. 
Cheese |__ } aa aes = 
No. y | | 
Inoculation. Score. Inoculation, Score. | Inoculation. | Score. 
So = t = ie, | 
30 | Bacterium lactis acidi, oe. 4 | Bacterium lactis acidi, Bacterium lactis 90:9 
b (so per cent; b (6624 per cent); acidi, b (100 per 
Streptococcus, b (so Streptococcus, b cent). 
per cent). (334 per cent). 
31 | Bacterium lactis acidi, 92 Jocees DOsssacsecaravcsces|) GSS [issvs Gove y.seevenaanes O17 
(so per cent); 
Streptococcus, b (so 
per cent). 
32 | Bacterium lactis acidi, o4-0 | Bacterium kctisacidi, | 03-8 )..... OL awederesees er0 
b (so per cent); b (75 per cent); 
Streptococcus, b (so Streptococcus, b (25 
per cent). |. per cent), 
AV CRILO icekacscvaxen 92-2 
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It will be observed that for every day’s make the cheese of series B, 
with the smaller percentages of Streptococcus, scored higher than series 
C. with the pure Bacterium lactis acidi starter. Series A, with the larger 
percentages of Streptococcus, scored higher than series C in two out of 
the three cheeses. Series B averaged 2.1 points higher than the series C, 
and series A averaged 1 point higher than series C. 

The differences in flavor, however, were greater than the figures 
indicate, since the scores were made upon the commercial value of the 
cheese. The cheeses of series C had the acid flavor typical of a young 
pasteurized-milk cheese made with the ordinary commercial starter. 
The cheeses of series B had none of this acid flavor, but instead they 
possessed a mild flavor which was more agreeable to the taste of a number 
of persons knowing nothing of the experiment, to whose judgment the 
samples were submitted. All were agreed that the cheeses of series B 
lacked the acid taste. The cheeses of series A also differed greatly from 
those of the series C. They did not have the pleasant flavor of series B, 
however, but had an acid flavor essentially different from that of series C 
and inferior to the mild flavor of series B. 

These experiments with the use of the Streptococcus, b, culture in 
starters demonstrate the fact that the addition of comparatively small 
percentages of this kind of culture brings about a decided difference in 
flavor, which is regarded as an improvement by all who have passed 
judgment in the matter. The larger percentages of streptococci give 
less desirable flavors than the smaller percentages. It seems probable 
that further experimentation with this and other cultures of Streptococ- 
cus, b, in combination with Bacteriwm lactis acidi may give results which 
will be of practical value in the improvement of flavors in pasteurized- 
milk cheese. And it does not seem unreasonable to hope that further 
experimentation with the B. lactis acidi, a or b, together with smaller 
percentages of Streptococcus, b, as the basis for a starter and with 
various combinations of very small percentage of the other cheese organ- 
isms, Cheddar flavors may be obtained in the pasteurized-milk cheese. 


SUMMARY 


(1) The organisms constantly found in Cheddar cheese in such num- 
bers as to indicate they must function in the ripening process are included 
in four groups: First, the Bacterium lactis acidi; second, the B. casei; 
third, Streptococcus; fourth, Micrococcus. 

(2) On the basis of the fermentation powers each of the four groups 
may be divided into a number of varieties. 

(3) The distribution of the varieties of the four groups in Cheddar 
cheese prepared from raw milk has been studied, as has also been done 
with cheese prepared from pasteurized milk. 
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(4) The flora of raw-milk cheese is varied and consists of all the 
varieties into which the four groups were divided. 

(5) The flora of pasteurized-milk cheese, with the exception of the 
Bacteriwm casei group, is dependent upon the flora of the starter. 

(6) The Bacterium caset group is apparently responsible for the 
pungent taste that develops late in the ripening period of both raw-milk 
and pasteurized-milk cheeses. It is probable that growth of this group 
continues during the major part of the ripening period. 

(7) The action of two or more organisms growing together is not the 
sum of their individual actions when growing alone. When growing 
together, they may attack substances that neither can attack alone, or 
they may produce a larger quantity of acid than the sum of the quantities 
that either can produce alone. 

(8) When added to pasteurized milk, the organisms of the Bacterium 
caset group produce a sour taste in the cheese during the early part of 
the ripening period. 

(9) No Cheddar flavor is obtained in pasteurized-milk cheese when 
the organisms of the Bacterium lactis acidi group alone are used as 
starters. ‘The varieties that are able to ferment the more complex 
substances are likely to produce a bitter taste. 

(10) Starters composed of both Bacterium lactis acidi, b, and Strepto- 
coccus, b, when added to pasteurized milk, improve the quality of the 
cheese. It does not seem unreasonable to hope that starters may be 
obtained that will give the characteristic Cheddar flavor to the cheese 
prepared from pasteurized milk. 
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